Background: In many countries, including Germany, older people are increasing in numbers, while fewer caregivers are available. A way to address the problem is to develop new medical assistance and monitoring systems that are operated by the elderly on their own, e.g. in-home aftercare systems. Objective: The development of a set of eight data-based personas in terms of a best practice approach is presented. Method: "Personas" are an integral method of the user-centered design approach. They address the problem of incomplete knowledge of individual user behaviour by introducing archetypal user groups. Thus, personas can be used at an early stage of development to raise the awareness of developers to the needs, skills, and abilities of the elderly. Personas are also a cost-effective method and quickly and easily accessible. In order to guarantee representativeness the development of personas needs to occur based on a robust data set of a certain user group. Results: This article presents the data-driven development of eight personas. The applied data set results from a nationwide questionnaire study on the elderly's use of information and communication technology, out of elderly people in Germany. The results will be presented in terms of best practice. Conclusion: To conclude, survey-based personas of older end users can play an important role in the research and development of innovative devices. Application: The personas presented in this paper can be used in research and development to raise awareness of the needs and demands of end users.
Introduction
In the coming years, demographic change will have a major impact on the social structure. The state of research in Germany indicates that by 2060 the proportion of elderly people will have risen significantly [1, 2] . Consequently, the health sector faces the challenge of caring for an increasing number of patients while the financial resources and number of employees remain the same [3] [4] [5] . One attempt to challenge this problem in a way that is flexible as to time and place is the development and testing of new technical assistance and monitoring systems. These systems promote to strengthen the autonomy of patients and improve communication to medical sector staff [6, 7] . Mobile information and communication technologies (ICT) like desktop PCs, smartphones, and tablet computers are suitable tools to increase the quality of life and independence, as shown by Altun [8] and Ehlers & Naegele [9] .
It is crucial to consider the specific psychophysical abilities and skills of elderly for the development of technical assistance and monitoring systems [10] [11] [12] .However, as Scheller et al. [13] show, developers, engineers, computer scientists, and medical technicians find it hard to imagine the specific situations of the elderly during the development of new technical assistance and monitoring systems. Yet, many elderly end users name the integration potential of a new technology into their everyday life as an important acceptance factor [5, 14, 15] . In addition, a high acceptance level is important with regard to financial considerations, because the production of innovative technologies for the medical sector and the care of more and more patients entails enormous costs [16] .
One such approach can involve the use of "personas." Personas present hypothetical archetypes of current users and consumers [17] [18] [19] [20] . They could raise the awareness of developers with regard to characteristics and capabilities of end users as part of DIN EN ISO 9241-210. Benefits of personas include reduction of cognitive friction in use, improvement of precision in defining a user group, provision of a common basis for communication, and providing scenarios for identifying and challenging political and social assumptions about users [21] .
At the moment there is a broad discussion about the creation, validation, and actual use of data-based personas, as can be seen for example in the work of Acuña et al. [22] , Konstan et al. [23] , Chapman & Milham [24] , and McGinn & Kotamraju [25] . Examples of international discussion and research of survey-based personas can be found in Cabrero et al. [26] . Tt is discussed whether survey-based personas in particular, depending on the cultural situation of the country or region, could or should show different facets in their behaviour [26] . Further country-specific research can be found in Rönkkö et al. [27] and Nielsen et al. [28] . In the study by Casas et al. [29] , data was taken from European statistics to create personas. Research on the development of personas for older people can be found in Malik and Azuddin [30] . Furthermore, another example is "Synthea," which provides surveybased older personas as open-source software [31] . Personas have also been developed and used in Germany, for example in the fields of software development [32] , evaluation of public transport [33] , product design [34] and development of services, and for business software [35] . Nonetheless, all of these lack of research on personas older than 60 years in the context of medical technology products and health care [5] . There are also hardly any research efforts that focus on a quantitative analysis in combination with additional, external data as personas are often based on qualitative data [28, 36, 37] . Since there is a lack of instructions in literature on the creation process of personas based on a quantitative dataset, this work focusses on the transparent and comprehensible creation of this data [25, 36, 37] .
In the following, the concrete, best-practice development of eight personas for the medical technology sector is presented. The personas are results from a Germany-wide survey conducted by the Institute of Industrial Engineering and Ergonomics of RWTH Aachen University in 2016. The survey delivers quantified results on the current situation and needs of elderly in the health sector while at the same time referring to the level of digitalization and general use of ICT. The methodological background of personnel development is explained in a first step, before the own method of data generation is presented in a second step. Thirdly, step the process of persona development is shown, before an exemplary persona is presented in a fourth step. Finally, a discussion of the results takes place before a conclusion is given.
Background
Personas are archetypal user groups with goals, needs, and fears [17, 38] . These archetypes have emerged in the context of the development and evaluation of new software, with the question of potential users [5] . Important characteristics for their design are the degree of precision and the specification level. These two features decide over authenticity of the designed personas [15, 18, 39] . The description is designed by developers on the basis of the data and on fictional elements that can be justified and understood by the creator [23, 37, 40] . Through photos and quotes, the personas receive a more vivid, lively, and personal character. According to Ferreira et al. [41] , the development of products based on user-centered design (UCD) encompasses the following steps: (1) knowledge-gathering concerning users' needs; (2) capabilities, attitudes, and characteristics; (3) active involvement of users; (4) prototype redesign, as often as necessary; (5) iterations of design solutions. We followed Feirrera's UCD steps over other processes, as they were precisely developed to target older adults as primary end users of health technologies.
The development process of the personas presented thereafter bases on the current literature in the field [18, 21, 41, 42] . Applying a method that was originally elaborated bei Cooper, ideal-typical personas were developed as a form of UCD [17, 24, 27, 43] . UCD is a design philosophy. It focuses on an outcome-orient strategy in which the needs, desires, and limitations of users of technical devices are analyzed [12] . The aim of UCD is to record the use of technical devices through interaction while disregarding the technical requirements of end devices and innovations step into the background.
Method

Questionnaire
The study presented here is a Germany-wide study, where the use of ICT technologies, in particular with regard to medical care processes concerning the elderly, was recorded [44] . The goal was to evaluate the use of ICT devices and applications, and to investigate the health information usage as well as technology affinity, health literacy, and computer literacy. Therefore, questionnaires were combined with standard demographic and health-related instruments and new items [45] [46] [47] 48] . The paper-based survey was separated into thematically different sections. The mainly quantitative questions were supplemented with open questions to be able to record deeper reasons and motives (more information can be found at [44] ).
Sample
A number of 5000 randomly selected German habitants of ages older than 60 received a paper-based questionnaire. The response rate was 11% (N = 551) with an average age of 69.71 years (SD = 5.78). The gender ratio of the self-selected sample with 51.3% male and 48.7% female was almost balanced. Descriptive results and a more detailed description of the questionnaire can be found in Mertens et al. [44] . Detailed content-related analyses of this study can be found in Rasche et al. [49] Bröhl et al. [50] , and Theis et al [51] .
Further planned surveys
The study will be repeated every three years in order to respond to changes in requirements and parameters for the development of the target group. The advantage of this survey method is the high statistical efficiency by which changes can be directly recorded. Correlative stability between characteristics can be investigated as well as the relationship between changes in several variables. The background is the assumption that the increasingly short development cycles of new technical products and their introduction into the everyday lives of more and more people means that a valid recording of experiences is fundamental to the continuous adaptation of technology to attitudes toward corresponding support systems [52] .
The same respondents will not be asked to participate in the next survey phases. The reason for this is that a high mortality rate is expected over the lifetime of the project due to the high age of many of the respondents. As a result, an increasing proportion of the sample would not be able to participate in the future phases.
Process
The cluster
Before designing the survey-based personas, the requirements of medical technology products for older users need a clear definition. Different types of users and user characteristics need to be analyzed in order to develop representative personas and raise developers' awareness of different user needs. Four different degrees of technical affinity according to our data bases were chosen in order to be able to form clusters of ICT and medical technologies. A descriptive statistical analysis was carried out with the existing data set. The variables that were used to form the clusters were derived from the variables of technical media (smartphone, tablet computer, desktop computer, and other nontechnical media) in combination with the variable of the usage of applications. The results of the static analysis were subsequently clustered. The first cluster, which has the highest technical affinity, comprised n = 29, the second n = 77, the third n = 102, and the fourth, which has the least technical affinity, n = 135. The degree of technical affinity was not evenly distributed in the sample.
Analysis of the clusters
This data set was evaluated descriptively for each of the clusters formed using IBM SPSS Statistics 24. Gender was chosen as an independent variable to ensure representativeness. Differences were expected in the use of technical equipment, attitudes towards technical equipment and clinical pictures.
After analysis, the final number of eight personas was chosen. This number is common in practice as explained by to Marsden et al. [53] . It ensures correct reflection of trends in the study´s results and guarantees consideration of individual characteristics.
Adding specific characteristics
After the analysis, the dataset was assigned to a total of five relevant characteristics. In accordance with the objectives, care was taken to ensure that health-related questions and personal details told a meaningful story within the construction of the personas [18, 54] . Firstly, four out of five characteristics were derived from the data: personal background, health situation, need for information on medical issues, and attitudes toward technical equipment (see Table 1 ). Secondly, a fifth characteristic was added, with the aim to collect further information. It included concrete quotations that were recorded as a part of the questionnaire in which it was possible to answer freely. Furthermore, freely imagined potential images for the personas or an initial selection of names and occupations were part of the fifth section. This last characteristic aims to make the personas more realistic and more acceptable [37] .
Adding external data and fictitious information
After creating a first version of the personas, the goal was to refine the available data and sources that were not part of the study. The intention was to increase the degree of accuracy of the personas.
Including of external data aimed for traceability in the sense of known and recognizable characteristics of personas was aimed for [18, 55] . The realism of fictional elements was also considered. For example, persona names were retrieved from an online directory sorting the most common first names by year, disease patterns were specified using the ICD-10-GM, and common occupations for this age group were taken from the website of the Federal Employment Agency. External data has also been collected on different typical conditions of old age, such as high blood pressure, excessive weight, and arthrosis. In addition, specific symptoms, such as heart problems following a heart attack, hyperthyroidism, and diabetes, were identified [56, 57] . The behavior of the personas was based on fictitious data and disease patterns identified in the survey. On the one hand, the interest of the persona in information on the health sector was adapted to the symptoms assigned to it. On the other hand, the interest in information was shown based on of the data of the corresponding health-related category.
As a further external source of information, photos matching the characteristics of each persona were added. These pictures were slightly abstracted, as it was found during the design that photos of certain people can lead to contradictory feelings. The abstraction was done to reduce the risk of people not identifying with the personas. Nonetheless, we made sure the photos were still sufficiently realistic that the person could be identified, as overly abstract personas also make identification difficult. Afterwards fictitious personal information about the personas was added, in particular about patterns of behavior [58] .
The fictional elements were ensured to be coherent, comprehensible, and to tell a meaningful story [54] . Taking into account the work of Marsden et al. [53] , a recognizability between the personas and real existing groups of persons was aimed at in order to make them appear as real as possible. That is why a systematic and critical use of stereotypes was made, e.g. in the family situation. For the development of personas this is usual [37, 53] . Finally, the fictionally inserted characteristics of the personas were compared with the existing data set in order to uncover potential contradictions.
Evaluation of the personas
Subsequently, profiles of the eight personas were created. These profiles were evaluated in a workshop by an interdisciplinary panel of six experts from the fields of medicine, computer science, engineering, psychology, computer science and sociology and revised accordingly. Due to the interdisciplinary nature of the committee, the personas could be viewed from several perspectives such as meaningfulness, language, logic and textual writing, during development. This lead to a comprehensible logic and language for most of the involved disciplines. In addition, exemplary disclosure to potential end users should ensure that they have access and use to be understandable and descriptive for the later group of users. In the next chapter a short version of the persona "Monika" including her database will be presented as an example. The long versions of the eight designed personas can be found in the appendix.
Results: example of the persona Monika
Monika belongs to the cluster of participants who are not very digital. This cluster (n = 40 from the total sample of 102) is characterized by the use of desktop PCs and the fact that they do not often use apps. The year 1952 was chosen as the year of birth, which corresponds to the collected data (mean = 1949. 60, median: 1951) . In this cluster, n = 27 indicated that they were retired. For this reason, the transition to retirement was chosen in combination with the date of birth. The occupation resulted from the information "going/went to university" (n = 19) and the free text answer "music" In this context, Monika's career path was fictionally supplemented by work in a church and later at a university. The fictional complementary study of musicology was taken from the study offer of German universities (e.g. Cologne University of Applied Sciences or LMU Munich, 2017). Furthermore, a separate apartment (n = 31) was chosen as her housing type, which was supplemented by the variables "living with no one" (n = 9) and "living in the city" (n = 31). Her social relationships are also based on fictional elements. Monika's back pain (n = 8) and excessive weight (n = 6) were classified as conditions. It was added that she does not have any major health complaints ( Table 2) . Monica has a home Internet connection (n = 40) and a mobile Internet connection (n = 33). She also has a desktop computer (n = 34), a smartphone (n = 33), and a tablet computer (n = 20). The mean value in years was defined as the standard for the ownership of technical media. In the cluster it is 20.10 years for computers, 4.14 years for smartphones, and 3.27 years for tablet computers. Reasons for the acquisition (n = 40) of the technical devices include the profession, communication, and Internet. The questions about experience with technical devices (1 = very experienced, 5 = very inexperienced) and evaluation of technical devices (1 = applies strongly, 5 = does not apply), the mean values of the answer categories "control with mouse" were formed in order to derive a tendency in use: 1.46 for experience (n = 39) and 1.26 for evaluation (n = 39) of the option. It was concluded that Monika feels most secure with the traditional use of mouse and desktop PC or laptop. Voice input and touch were rated less positively. The main medium used in this cluster is the desktop PC. For example, 29 participants indicated that they use it for banking transactions, 28 participants watch videos on it and 37 participants write e-mails on a desktop PC. The cluster does not trust health apps (n = 29), and at the same time there is concern about data protection (n = 22) and fear of misdiagnosis (n = 11). Accordingly, Monika was equipped with a negative attitude toward health apps.
When providing health-related information, the mean values of the respective variables were also included (1 = very easy to find information, 5 = very difficult). In the cluster, it is not rated as difficult to find information about diseases (mean = 1.80). The same applies to finding information about behavior harmful to health (mean = 1.70). The credibility of information via media, such as television, was rated as worse (mean = 3.35). Accordingly, Monika was given a critical attitude toward the media. The sharing of health-related information was also questioned. "Family and friends" (n = 38) is the most frequently stated variable.
Discussion
Societal relevance is the advantage of survey-based personas. They not only reflect a potential user group, but can show a societal trend, without waiving individual characteristics and therefore recognition value. Another advantage of the survey-based personas is their strategic relevance. They help to put the focus on the user within project-based work. It can help people to gain better understanding of a project better and staying focused on the needs of the users. However, these advantages are offset by disadvantages in the development of personas. Chapman and Milham (2016) state, for example, that it is difficult to verify developed personas. This includes aspects such as the representativeness of personas to the user population and a lack of falsifiability. It is also reflected more difficult by the sometimes high proportions of fictional elements [58] . It is also reflected in the development of health personas and older personas. In the development of health personas and older personas, however, there is the additional difficulty that personas do not receive much attention and thus a potential approach to the consideration of the needs of end users is not used [59, 5] .
For the development perspective in the health-care sector, the advantage is an understanding of the value products and its meaning for end users [28] . In the process, survey-based personas can make user properties easily accessible to developers without the need for additional resources. According to the little vague design recommendations of the current literature of Pruitt & Grudin [37] Cooper [18] and Pruitt & Adlin [60] , eight personas were systematically developed in a bestpractice approach taking into account quantitative data, external data, and fictional elements. The developed personas contain three aspects: (1) due to the data basis they reflect societal trends and (2) because of their conceptual design, they are resource-saving (in terms of time and cost, for example) and (3) through their narrative style, the personas ensure the development of an understanding for older people. They help to give a direct idea of user groups and thus directly address problems and opportunities. They are easily understandable, but also they have a high degree of specification. They reflect real conditions and are not only the result of subjective assessment. As a result, social structures emerge without having to resign individual characteristics. Aims and motivation can be derived from this [42] . In comparison to other developed personas, e.g. by Holden et al. [61] , who have developed personas with heart diseases taking into account a small sample or with LeRouge et al. [12] , who have developed elderly Chinese personas with diabetes with qualitative data, the personas developed here are characterized by their large sample. In addition, they take into account the most diverse diseases occurring in Germany. Cabrero et al. [26] have already shown that different cultural, ethical, and personal nuances can be represented in personas. Through the developed personas, four clusters of older people in Germany are presented. The aim is to show that older people with different technical affinities should be considered accordingly when creating new medical devices. The developed personas can be used for a wide range of different issues. Specifically, the personas developed are to be applied in the own research as well as in further research projects. In addition, they will be made available to regional and supra-regional research projects. It is also imaginable that they might be used for the development of new technical (medical) products, so that an orientation toward the end user and his abilities takes place. The personas could also be used to raise awareness of the staff who work with the elderly in different institutions. They are suitable for research and for developing a better understanding of the current situation of older people. It includes not only the technical self-image of these people, but also their need for information and their desire for technical manageability and their personal participation.
Due to the increasingly short development cycles of new technologies in the digital transformation process and the decreasing differences in technical affinity, the question of the relevance of the personas arises. At present, technology-affine older people represent a small proportion of this specific subgroup, something which is assumed will change in the near future. Despite unchanging physiological age effects, the question arises whether the differences in performance between younger and older users will get smaller. The now slightly elderly people, who in a few years will belong to the very old, have grown up with technical systems, as well as ICT, and are most likely better able to meet the resulting new requirements than the current target group [5, 52] .
Limitation
A limitation of this study is the German sample. It means that no statements can be made about the behavior of older people on an international level. Another limitation is that no conclusions can be drawn about the total population of Germany due to the available data. It is justified in the self-selection of the sample. Thus, it cannot be assumed with certainty that the participants represent all social facets of the elderly in Germany. However, it can still be assumed that the present study reflects a social trend. The personas presented here do not correspond proportionally to the population. The personas are intended to represent four degrees of technological affinity, something which is not distributed equally in society (very technically affine to hardly technically affine). Furthermore, some information's are based on fictional elements. However, personas as archetypal user groups should appear as real as possible. Adding fictional elements seemed to be necessary. Since attempts were made to keep this part as small as possible and at the same time to embed the fictional elements in the history of the personas in a meaningful way, this limitation is not seen as criticalespecially considering that personas are often created fictionally or based on qualitative data [62] .
At the same time, the criticism that personas are often based on qualitative data only and therefore cannot represent social trends was counteracted by the broad basis of the survey [28] . Further indepth sources were used to fill gaps in the history of the personas, as exemplified in the previous chapter. The Personas presented here represent a general societal trend in Germany, which is also shown in the empirical data. It is characterized by a detailed and concrete description of a specific group that has not yet been sufficiently considered [41] . Due to the increasing number of elderly people, it is extremely important to include their specific characteristics in the development process of medical technology and ICT [5] . In order to make this possible, it is important to develop not only an objective understanding of the difficulties of aging but also a subjective feeling and empathy. The use of personas cannot accomplish this on its own, but personas can lead others to become more sensitive to these aspects.
The fact, that the personas only present a momentary snapshot of a certain group of people represents a further limitation. This limitation will be addressed by collecting further data through the upcoming survey phases in order to keep the personas up to date.
Conclusion
In this article, eight data-supported personas were created in order to develop a best-practice approach. The personas are used in research and development in order to counter the problems outlined in the introduction. At the same time, they are prepared on an appropriate online platform at www.tech4age-aachen.de in German and English to ensure easy use. Short and long versions of the profiles are available to offer users as many variations as possible. The content will be adapted in the future based on insights gained from the questionnaire studies, which will be repeated every three years. As a result, the personas will be continually revised and, if necessary, extended so that they remain up to date over a longer period of time. The textual design also includes text modules that are easy to update.
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